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TECHNICAL FIELD

The present invention relates to a motilin preparation containing a motilin and a stabilizer and which has
excellent stability.

Motilin is a gastrointestinal hormone which stimulates gastrointestinal motility in hunger and is expected
to be useful as a drug for, e.g., improving gastrointestinal motility.

Background Art

In recent years, with the development of synthetic technology and recombinant DNA technology, it has
become possible to produce many physiologically active proteins and peptides. Motilins in the present
invention can be produced by peptide synthesis and recombinant DNA technology. No method is known for
stabilizing motilin preparations.

Motilins are susceptible to influences of external factors and have poor stability, like general physiologi-
cally active peptides. For example, owing to temperature, humidity, oxygen and UV rays, motilins undergo
physical or chemical changes such as inactivation, denaturation, aggregation, adsorption and oxidation to
cause reduction in activity. Further, motilins are decomposed by protease produced by microcrganisms.

Disclosure of the Invention

The present invention is based on the finding that a motilin preparation can be improved in stability by
adding a sugar, an amino acid, an inorganic salt and a protein and can be provided for practical use.

The present invention relates to a preparation comprising a motilin and at least one stabilizer selected
from the group consisting of a sugar, an amino acid, an inorganic salt and a protein which are
pharmaceutically acceptable and to a freeze-dried motilin-containing preparation obtained by freeze-drying
a solution comprising a motilin and at least one stabilizer selected from the group consisting of a sugar, an
amino acid, an inorganic salt and a protein which are pharmaceutically acceptable.

The motilins o be used in the present invention are not particularly limited, and usually usable ones
such as swine motilin, canine motilin and human motilin [it has been confirmed that human motilin has the
same structure as that of swine motilin, FEBS LETTER, 223, 1, 74 (1987)] can be used. In addition, there
may also be used motilin derivatives, e.g., '*leucine-swine motilin wherein the methionine at the 13-position
of swine motilin is substituted with leucine (Japanese Published Unexamined Patent Application No.
71195/88). These motilins may be sither in a free state or in the form of an organic or inorganic acid salt.

As the sugars which are used as the stabilizer for obtaining the stable motilin-containing preparation of
the present invention, any of monosaccharides, oligosaccharides, polysaccharides, and phosphoric acid
esters thereof may be utilized, and there is no particular restriction so long as they are pharmaceutically
acceptable. Specific examples include sugar alcohols such as glycerine, mannitol, xylitol and sorbitol, acidic
sugars such as glucuronic acid, iduronic acid, galacturonic acid, gluconic acid, mannuronic acid and
ketoglycolic acid, hyaluronic acid and salts thereof, chondroitin sulfuric acid and salts thereof, heparin,
inulin, chitin and derivatives thereof, chitosan and derivatives thereof, dextran, dextrin having an average
molecular weight of 3,000 to 150,000, hydroxypropy!l cellulose, hydroxypropyl starch, hydroxymsethyl
cellulose, sodium carboxymethyl cellulose and hydroxyethy! cellulose.

it is preferred that these sugars be used generally in the range of 0.01 to 10,000 parts by weight based
on 1 part by weight of the motilin.

Examples of the amino acids which are used as the stabilizer for obtaining the stable motilin-containing
preparation of the present invention include alanine, valine, leucine, isoleucine, proline, phenylalanine,
tryptophan, serine, threonine, cysteine and salts thereof, asparagine, glutamine, aspartic acid and salts
thereof, glutamic acid and salts thereof, lysine and salts thereof, and arginine and salts thereof.

It is preferred that these amino acids be used generally in the range of 0.01 to 10,000 parts by weight
based on 1 part by weight of the motilin.

Examples of the inorganic acids which are used as the stabilizer for obtaining the stable motifine-
containing preparation of the present invention include NaCl, KCI, LiCl, MgClz, CaCls, SrCl,, NaBr, KBr and
LiBr.

It is preferred that these inorganic acids be used generally in the range of 0.01 to 10,000 parts by
weight based on 1 part by weight of the motilin.

Examples of the proteins which are used as the stabilizer for obtaining the stable motilin-containing
preparation of the present invention include human serum albumin, human serum giobulin, collagen, gelatin,
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acid-treated gelatin (average molecular weight: 7,000 to 100,000), and alkali-treated gelatin (average
molecular weight: 7,000 to 100,000).

It is preferred that these proteins be used generally in the range of 0.01 to 10,000 paris by weight
based on 1 part by weight of the matilin.

The pH controllers to be used in the present invention are not particularly limited but are those capable
of maintaining the pH 3.0 to 9.0 and which are pharmaceutically acceptable. A preferred pH range for the
motilin preparation in the present invention is 4.0 to 7.0, more preferably 4.0 o 5.5.

Specific examples of the pH controllers include acetic acid-sodium acetate, potassium
hydrogenphthalate-sodium hydroxide, sodium secondary citrate-hydrochioric acid, glycine-sodium chloride-
hydrochiloric acid, sodium secondary citrate-sodium hydroxide, monopotassium phosphate-disodium phos-
phate, monosodium phosphate-disodium phosphate, monosodium phosphate-dipotassium phosphate, mon-
opotassium phosphate-dipotassium phosphate, tartaric acid-sodium tartrate, lactic acid-sodium lactate,
sodium Veronal-sodium acetate-hydrochloric acid, succinic acid-borax, potassium primary citrate-sodium
hydroxide, potassium primary citrate-borax, disodium phosphate-citric acid, sodium acetate-hydrochloric
acid, glutamic acid-sodium hydroxide, and aspartic acid-sodium hydroxide.

The motilin-containing preparation of the present invention may also contain, depending upon the
purpose of the preparation, a preservative, a stabilizer, an antioxidant, an excipient, a binder, a disintegrator,
a wetting agent, a lubricant, a coloring agent, an aromatic, a corrigent, a coating, a suspending agent, an
emulsifier, a dissolution aid, a buffer, an isotonic agent, a plasticizer, a surfactant, an analgesic, etc. which
are pharmaceutically acceptable.

Examples of the antioxidants include erythorbic acid, dibutylhydroxytoluene, butylhydroxyanisole, «-
tocopherol, L-ascorbic acid and salts thereof, L-ascorbic acid stearate, sodium hydrogensulfite, sodium
sulfite, propyl gallate, triamyl gallate, sodium pyrophosphate, sodium metaphosphate, and chelating agents
such as disodium ethylenediaminetetraacetate (EDTA).

The freeze-dried preparation of motilin can be obtained by conventional methods. That is, a motilin (0.1
to 10 mg/ml) is dissolved in an aqueous solution adjusted to pH 4.0 to 5.5 and the solution is filled into a
suitable container, followed by freeze-drying by using a freeze-drier. For example, an aqueous solution of
motilin is filled into a sterile glass vial, frozen at a temperature below -50° C for 4 hours, and then dried at
-10° C for 36 hours in vacuum at 0.05 mbar. Then, the vial is subjected to secondary drying at 40° C for 8
hours. After completion of the drying, the vial is filled with sterile dry nitrogen gas until the atmospheric
pressure is reached. Thereafier, the vial is stoppered with a rubber stopper for freeze-drying and then
sealed with an aluminum cap. In this case, an excipient such as mannitol or lactose may be added to
improve the appearance of a cake of the freeze-dried preparation.

The stabilized motilin-containing preparation of the present invention can be used for various modes of
administration such as oral administration and parenteral administration by various injections, and various
preparations can be realized depending upon the mode for administration. Examples of the preparations for
administration are those for oral administration such as tablets, pills, capsules, granules and suspensions;
solutions and suspensions for intravenous, intramuscular, subcutaneous or intracutaneous injections; freeze-
dried preparations, and the like which are dissoived just before use to prepare injections; and preparations
for transmucosal administration such as suppositories, nasal drops, and vaginal suppositories.

Example 1

In water were dissolved 10 mg of '®leucine-swine motilin and a stabilizer shown in Table 1 to aseptically
prepare 100 pg/ml aqueous solution of *3leucine-swine motilin. The aqueous solution was aseptically filled
and sealed in a glass vial to give a preparation of 3leucine-swine motilin solution. The obtained
preparations were stored in a thermostat at 60° C and the change with the passage of time was determined
by the HPLC method. The results are shown in Table 1.
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Table 1

Stored at 60°C, pH 4.5

Concentration Residual Activity (%)
Stabilizer mg/ml 7 2 weeks 1 month
None - 85.3 63.6
Mannitol 40 98.5 70.4
Xylitol 40 97.0 69.3
Proline 40 97.8 - 77.6
Arginine 40 93.4 70.1
Alanine 49 91.7 67.1
NacCl 8 88.0 67.1
Gelatin 1 92.9 71.7

Example g

In distilled water for injection were dissolved 150 gg of 3leucine-swine motilin and a stabilizer shown in
Table 2 to aseptically prepare 2.5 ml of an aqueous solution. The aqueous solution was filled into a glass
vial and freeze-dried to give a freeze-dried preparation of '3leucine-swine motilin.

The obtained freeze-dried preparations of '*leucine-swine motilin were stored in a thermostat at 80° C
and the change with the passage of time was determined by the HPLGC method. The results are shown in
Table 2.
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Table 2

Stored at 80°C, pH 7.0

Amount Residual Activity (%)
Stabilizer mg 80°C, 7 days
None - 32.9
Mannitol 120 43.8
Dextran T70 120 8l.8
Alanine 120 58.1
Arginine 120 98.2 -
Cysteine 120 52.6
Na glutamate 120 56.1
Lysine 120 - 66.4
Proline 120 54.9
Serine 120 48.9
NaCl 24 57.9
Gelatin 3 77.3

Example 3

To 10 mg of '3methionine-swine motilin was added the same stabilizer as used in Example 1 to
aseptically prepare 100 ug/ml aqueous solution of **methionine-swine motilin. The aqueous solution was
aseptically filled and sealed in a glass vial to give a preparation of '®methionine-swine motilin solution. The
obtained preparations were stored in a thermostat at 80° C and the change with the passage of time was
determined by the HPLC method. The results are shown in Table 3.

Table 3

stored at 60°C, pH 4.5

Concentration Residual Activity (%)
Stabilizer mg/ml 2 weeks 1 month
None - 86.0 64.6
Mannitol 40 ' 97.3 72.7
Xylitol 40 98.1 70.4
Proline 40 _ 98.5 78.1
Arginine 40 96.4 : 73.9
Alanine 40 82.2 69.3
NaCl 8 87.5 69.4
Gelatin - 1 90.9 65.9
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Example 4

In distilled water for injection were dissolved 150 pg of '3methionine-swine motilin and the same
stabilizer as used in Example 2 to aseptically prepare 2.5 ml of an aqueous solution. The aqueous solution
was filled into a glass vial and freeze-dried to give a freeze-dried preparation of 3 methionine-swine motilin.

The obtained freeze-dried preparations of *methionine-swine motilin were stored in a thermostat at
80°C and the change with the passage of time was determined by the HPLC method. The results are
shown in Table 4.

Table 4

Stored at 80°C, pH 7.0

Amount Residual Activity (%)
_ Stabilizer mg 80°C, 7 days
None - 28.9
Mannitol 120 40.5
Dextran T70 120 83.7
Alanine 120 58.8
Arginine 120 958.0
Cysteine 120 67.3
Na glutamate 120 54.8
Lysine 120 69.1
Proline 120 , 52.9
Serine 120 45.6
NaCl 24 60.2
Gelatin 3 8l1.5

Claims

1. A mofilin-containing preparation comprising a motilin and at least one stabilizer selected from a sugar,
an amino acid, an inorganic salt and a protein which are pharmaceutically acceptable.

2. A freeze-dried motilin-containing preparation obtained by freeze-drying an aqueous solution comprising
a motilin and at least one stabilizer sélected from a sugar, an amino acid, an inorganic salt and a
protein which are pharmaceutically acceptable.

3. A motilin-containing preparation or a freeze-dried motilin-containing preparation according to claim 1 or
2, wherein said stabilizer is contained in the range of 0.01 to 10,000 parts by weight based on 1 part by
weight of the motilin.

4. A motilin-containing preparation or a freeze-dried motilin-containing preparation according to claim 1 or
2, wherein said sugar is selected from the group consisting of sugar alcohols such as glycerine,
mannitol, xylitol, sorbitol and meglumine, and polysaccharides such as hyaluronic acid and salts



10

15

20

25

30

35

40

45

50

55

EP 0 437 622 A1

thereof, heparin, inulin, chitin and derivatives thereof, chitosan and derivatives thereof, dextran, dextrin
having an average molecular weight of 3,000 to 150,000, hydroxypropyl cellulose, hydroxypropyl
starch, hydroxymethy! cellulose, sodium carboxymethyl cellulose, and hydroxyethyl cellulose.

A motilin-containing preparation or freeze-dried motilin-containing preparation according to ¢laim 1 or 2,
wherein said amino acid is selected from the group consisting of alanine, valine, leucine, isoleucine,
proline, phenylalanine, tryptophan, serine, threonine, cysteine, asparagine, glutamine, aspartic acid,
glutamic acid, lysine, arginine and salts thereof.

A motilin-containing preparation or a freeze-dried motilin-containing preparation according to claim 1 or
2, wherein said protein is selected from the group consisting of human serum albumin, human serum
globulin, collagen, gelatin, acid-treated gelatin and alkali-treated gelatin having an average molecular
weight of 7,000 to 100,000.

A motilin-containing preparation or a freeze-dried motilin-containing preparation according to claim 1 or
2, which further contains a pH controller as a stabilizer.
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